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Objectives. We sought to assess the prevalence of atheroscle-
rotic lesions in the human brachial artery.
Background.Many investigators have recently studied endothe-
lial and vascular function in the brachial circulation in humans to
further their understanding of coronary artery disease and early
atherogenesis. However, the prevalence of brachial atherosclero-
sis and its relation to coronary disease have never been docu-
mented.
Methods. Arterial segments from the brachial, common carotid
and left anterior descending coronary arteries were obtained
during autopsy in 52 consecutively examined subjects (35 men, 17
women; 21 to 79 years old, mean [6SD] age 51 6 16) and studied
by light microscopy using standard histologic techniques. Severity
of the atherosclerotic lesions was categorized as fatty streaks
(grade 1), fibrous plaques (grade 2) and advanced lesions (grade
3).
Results. Atherosclerotic lesions of any grade were found in the
brachial artery in 39 (75%) subjects, common carotid artery in 51
(98%) and left anterior descending coronary artery in 52 (100%),
and the prevalence and severity of disease increased with age in all
three arteries. The grade of lesion severity in the brachial and
coronary arteries was significantly correlated (r 5 0.41, p 5
0.003), as was severity in the brachial and carotid arteries (r 5
0.53, p 5 0.0001) and the carotid and coronary arteries (r 5 0.69,
p 5 0.0001). The correlation between the brachial artery and the
left anterior descending coronary artery was highly significant in
subjects <250 years old (r 5 0.54, p 5 0.002), but not in those >250
years old (r 5 0.37, p 5 NS).
Conclusions. Atherosclerosis is common in the human brachial
artery and is significantly correlated with both coronary and
carotid disease. These results suggest that the brachial circulation
may serve as a reasonable “surrogate” for studying atherosclero-
sis, particularly in younger adults.
(J Am Coll Cardiol 1997;29:318–22)
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Atherosclerosis is a diffuse disease process of the arteries,
beginning in childhood and young adult life (1,2), and prefer-
entially affecting medium-sized conduit vessels such as the
coronary arteries (3). As many of the major vascular risk
factors, such as low density lipoprotein cholesterol, smoking
and diabetes mellitus, act systemically, the early lesions of
atherosclerosis may be found throughout the arterial tree.
Advanced atherosclerotic lesions, however, usually occur at
arterial bifurcations or ostia (4), suggesting the importance of
local flow patterns in lesion progression (5).
Much interest has recently been focused on noninvasive or
minimally invasive detection and measurement of early ath-
erosclerosis, for use in presymptomatic diagnosis and studies of
disease progression and regression (6). Because the coronary
circulation is difficult to study noninvasively, many investiga-
tors have studied early atherogenic events in systemic arteries,
most importantly endothelial physiology in the brachial artery
(BA) (7,8), forearm small vessels (9,10) and wall thickening in
the common carotid artery (11,12).
Despite this recent interest in evaluation of the brachial
circulation for studies of early arterial disease, no information
is available on the prevalence of atherosclerotic lesions in the
BA in humans. Correlation coefficients of 0.4 to 0.6 have been
found in autopsy studies comparing atherosclerosis in the
carotid and coronary arteries (13), or even between the major
coronary vessels themselves (14). Because it remains a widely
held belief that the BA does not develop overt atherosclerosis
(15), we sought to document the prevalence of atherosclerotic
changes in the BA and to assess the correlations between such
changes and atherosclerosis in the carotid and coronary circu-
lations.
Methods
Study group. Arterial segments from the BA, the carotid
artery and the left anterior descending coronary artery (LAD)
were harvested during autopsy in 52 subjects. All subjects had
postmortem examinations consecutively performed by one
pathologist during a 12-month period. Subjects underwent
postmortem examination in the forensic laboratory if they had
died unexpectedly outside the hospital and under circum-
stances raising concern. The majority of subjects included had
sudden (including accidental) deaths. Only subjects with a
postmortem age ,6 days were included. The age of the
subjects ranged from 21 to 79 years (mean 51). Thirty-four
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(65%) were 50 years or younger. Seventeen (33%) were
women. There was no significant difference in age distribution
between women and men (48 6 15 vs. 55 6 16, p . 0.5).
The cause of death was considered cerebrovascular or
cardiovascular in 20 subjects, 10 of whom had acute myocardial
infarction. In the 34 subjects ,50 years of age, four (13%) had
acute coronary artery thrombosis at autopsy. No subject had
acute thrombosis in the segment of the LAD used for histo-
logic study. Deaths were otherwise predominantly due to
suicide (drugs or trauma, n 5 19), nonsuicidal trauma (n 5 3)
or aspiration (n 5 3). None of the subjects ,50 years of age
had clinically evident ischemic heart disease, whereas ischemic
heart disease was clinically evident before death in 5 of the 18
subjects .50 years of age.
Data on premortem risk factors were not available in most
cases.
Histopathologic studies. Brachial artery segments (4 to
5 cm long) were taken from the left BA 5 cm above the elbow,
corresponding to the segment most frequently used by us (7,8)
and other investigators (16) for noninvasive ultrasound study
of endothelium-dependent dilation. Carotid artery samples
were taken from the left common carotid artery 2 cm under the
bifurcation, corresponding to the segment most frequently
used for noninvasive ultrasound measurement of intima-media
(arterial wall) thickness (11–13). The LAD was harvested 1 cm
below the left main stem. From each artery, four slices were
obtained for analysis. For the brachial and carotid arteries,
slices were taken 6 mm apart, and from the LAD 0.2 mm apart.
All sections were stained with elastin (Verhoeff) and
hematoxylin-eosin.
Arterial sections were studied by standard light microscopy
and categorized into three grades: 1) fatty streaks, i.e., subin-
timal accumulations of macrophage-derived foam cells; 2)
fibrous plaques, i.e., localized intimal thickenings without
cholesterol crystals and with only occasional foam cells; or 3)
advanced lesions, i.e., intimal thickenings with many foam cells
or cholesterol crystals, or both, usually localized in deep-seated
pools (17). For each artery, occurrence of atherosclerotic
lesions in one or more sections was considered to represent
significant arterial involvement. In arterial segments with
different grades of lesions, the highest grade was chosen to
represent the atherosclerotic process in the individual artery.
The study was approved by the local Ethics Committee.
Data analysis. Descriptive data are expressed as mean
value 6 SD. Comparisons between groups were made using
independent sample (unpaired) t tests. Statistical significance
was inferred at p , 0.05. Simple linear regression analysis was
used to correlate the grade of severity of atherosclerotic lesions
between the target arteries.
Results
The prevalences of each lesion type with age in the different
arteries are seen in Table 1. Of the 52 subjects, 39 (75%) had
lesions of any grade in the BA, 51 (98%) in the carotid artery
and 52 (100%) in the LAD. Of the 39 subjects with athero-
sclerotic lesions in the BA, 23 (59%) had fatty streaks only, 12
(31%) had fibrous plaques and 4 (10%) also had advanced
lesions. Of the 30 subjects ,50 years, 20 (67%) had BA
involvement. Of these, 14 (70%) had fatty streaks, 5 (25%) had
fibrous plaques and 1 (5%) had advanced lesions. The preva-
lence of lesions increased with older age in the three target
arteries studied; data for prevalence of brachial lesions are
seen in Figure 1. The grade of severity of atherosclerosis was
positively correlated with the age of the subject for all three
arteries (BA: r 5 0.42, p 5 0.002; carotid artery: r 5 0.59, p 5
0.0001; LAD: r 5 0.33, p 5 0.02). Typical changes in the BA
are shown in Figure 2.
There was a significant correlation between the grade of
atherosclerotic changes in the brachial and carotid artery (r 5
0.53, p 5 0.0001), between the BA and LAD (r 5 0.41, p 5
0.003) (Fig. 3) and between the LAD and carotid artery (r 5
0.69, p 5 0.0001).
The correlation between grade of atherosclerosis seen in
the BA and LAD was highly significant in 34 subjects ,50
years of age (r5 0.54, p5 0.002). In 18 subjects.50 years old,
LAD disease was more advanced in every case, and conse-
quently the correlation with BA atherosclerosis was much
worse (r 5 0.37, p . 0.5).
Abbreviations and Acronyms
BA 5 brachial artery
LAD 5 left anterior descending coronary artery
Table 1. Prevalence of Atherosclerotic Changes in the Brachial Artery, Common Carotid Artery and Left Anterior Descending Coronary




























,40 (n 5 10) 3 6 1 0 0 5 5 0 0 2 3 5
40–49 (n 5 20) 7 8 4 1 1 9 8 2 0 2 8 10
50–59 (n 5 7) 2 4 1 0 0 2 3 2 0 1 2 4
60–69 (n 5 6) 1 3 1 1 0 1 2 3 0 0 0 6
.70 (n 5 9) 0 2 5 2 0 0 2 7 0 0 2 7
BA 5 brachial artery; CC 5 common carotid artery; LAD 5 left anterior descending coronary artery.
319JACC Vol. 29, No. 2 SORENSEN ET AL.
February 1997:318–22 BRACHIAL ARTERY ATHEROSCLEROSIS
In this study, the presence and severity of atherosclerosis in
the BA were similar in men and women (BA lesions present in
83% of men and 65% of women; average grade 1.23 6 0.9 in
men and 0.94 6 0.9 in women, p 5 NS). Similarly, there were
no gender differences in either the coronary or carotid results.
Discussion
Distribution of atherosclerosis. Atherosclerosis affects
most systemic arteries, and generally increases in extent and
severity with age (18). The earliest and most extensive lesions
usually occur in the aorta, and later in the coronary and carotid
vessels (19). In contrast, other territories such as the renal and
mesenteric arteries are much less susceptible to advanced
atherosclerotic lesions (20). Despite this general pattern, how-
ever, there may be major differences in the presence, distribu-
tion and severity of atheroma within any given individual, and
in autopsy studies the correlation coefficients between the
coronary and carotid arteries, the coronary and femoral arter-
ies and even the left and right coronary arteries have been
reported to be as low as 0.3 to 0.6 (13,14).
We now report that atherosclerosis also occurs commonly
in the human BA in a typical Western population, and is
correlated with the presence and severity of coronary and
carotid atherosclerosis, with a correlation coefficient of 0.4 to
0.7. This correlation is strongest in younger adults, because in
older adults there is a higher prevalence of advanced (grade 3)
lesions in the coronary artery, and advanced lesions are
relatively rare in the BA. Although the BA is a conduit artery
Figure 1. Prevalence (%) of graded atherosclerotic lesions in the
brachial artery according to age.
Figure 2. A, Cross section of brachial artery with grade 1 lesion (main
photograph—elastin 34, reduced by 34%; insert left lower corner—
elastin310, reduced by 34%). B, Grade 1 lesion in brachial artery with
abundant accumulation of foam cells (elastin 310, reduced by 34%).
C, Localized intimal thickening (grade 2) in the brachial artery (elastin
310, reduced by 34%). D, Advanced deep-seated lesion (grade 3)
covered by fibrous cap in brachial artery (elastin32, reduced by 35%).
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similar in size to the major epicardial coronary arteries, it has
rarely been studied histologically for atherosclerosis, most
likely because clinical occlusive vascular disease is rare in the
arm. Nonetheless, the BA and the forearm resistance vessels
are now being studied by many investigators interested in early
atherosclerosis, especially abnormalities of endothelial physi-
ology and vascular reactivity (7–10,16,21–24).
Implications for clinical research. The significant correla-
tion between atherosclerotic lesions in different arterial terri-
tories forms the basis for the use of noninvasive measures of
treat atherosclerosis as alternatives to coronary angiography
for studying presymptomatic disease or progression/regression
of atherosclerosis in clinical trials. Surrogate markers for the
extent and severity of coronary atherosclerosis have included
femoral angiography (25), but because of its invasive nature
this technique is not ideal for repeat measurements, particu-
larly in healthy subjects. Ultrasound techniques can be used to
study the structure and function of superficial arteries accu-
rately and reproducibly (11,26). For example, ultrasound-
based measurement of carotid artery intima-media thickness
has recently been used in observational studies and clinical
trials (11,12,27), although it is only weakly correlated with the
extent and severity of coronary disease measured by angiogra-
phy (28).
As endothelial dysfunction is an early event in atherogen-
esis in vitro (29), in experimental animals (30) and in humans
(31), we and other workers have studied endothelial physiology
in the BA using ultrasound and found evidence of endothelial
dysfunction in patients with established coronary atheroscle-
rosis (7) and in asymptomatic individuals with risk factors for
atherosclerosis (21,22). The technique is widely applicable and
is potentially useful as a method for assessing changes in
vascular reactivity during interventional studies. Brachial en-
dothelial and coronary endothelial physiology are significantly
correlated in vivo, with correlation coefficients of 0.5 to 0.6
(32). The present data confirm that the BA is also a site of
definite atherosclerotic lesions, even in young individuals.
Because endothelial dysfunction is an early event in athero-
genesis, preceding plaque formation (33), it is not surprising
that the BA may serve as a useful target artery for studies of
endothelium-dependent vascular reactivity.
Limitations. Although we found a high prevalence of
brachial abnormalities in this study, the natural history of
atherosclerosis in the BA cannot be clarified in a cross-
sectional postmortem series. The correlation between the
atherosclerotic state in the BA and the coronary artery was
most significant in younger adult subjects, which suggests (but
does not prove) that the first atherosclerotic changes appear
early in both vessels, but that the LAD progresses to develop
more advanced lesions at a faster rate than the BA. This may
be due to locally acting factors, such as flow dynamics (5).
We were unable to reliably and extensively assess the
vascular risk factor status for the subjects examined. The
frequency of lesions in the carotid and coronary arteries in the
younger age groups, however, was similar to that previously
reported in young adults dying from noncardiac causes (34),
and it is therefore unlikely that the subjects represent a
subgroup with a high number of vascular risk factors and thus
a high pretest likelihood of atherosclerotic abnormalities in the
vascular segments studied. Furthermore, most subjects died
from nonvascular causes.
The detection rate of atherosclerotic changes in the arteries
studied represents a minimum. A more vigorous search for
lesions by more intense sampling would undoubtedly have
increased the number of atherosclerosis-positive individuals,
and probably would have improved the observed brachial–
coronary disease correlation. Similarly, the use of more ad-
vanced techniques such as electron microscopy, detailed endo-
thelial cell analysis or the application of specific antibodies for
activated macrophages would probably have increased the
number of positive atherosclerotic abnormalities (34). The
atherosclerotic process is continuous and the pathologic
changes vary from very early abnormalities such as “initial
lesions” (34) to total vessel occlusion. In the present study, only
subjects with at least fatty streaks were considered to have
atherosclerosis. Although not all fatty streaks progress to more
severe lesions (35), fatty streaks are precursors of larger
plaques (3). We used a simple grading system based on light
microscopic findings only. In animal experiments, this ap-
proach has been shown to represent a valid measure of
atherosclerosis (17). This grading system is comparable to the
system suggested by Stary et al. (36,37), but differs by not
including “initial” or type 1 lesions and by not separating
atheroma and fibroatheroma in different groups.
Conclusions. Atherosclerosis is a common finding in the
human BA, even in young subjects, and is significantly corre-
lated with disease presence and severity in the coronary and
carotid arteries. These results support the use of BA studies to
enhance our understanding early atherogenesis, and even as
Figure 3. Correlation between grades of lesions in the brachial artery
(BA) and the left anterior descending coronary artery (LAD).
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surrogate markers for atherosclerosis in the other major
systemic arteries.
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